RECENTLY we described a hydrophthalmic eye which had-been removed on account of an injury to it. Since then an opportunity of examining another monocular hydrophthalmic eye has come our way. Angiomata were found in the choroid. The bearing of this upon a connection with Sturge-Weber's disease is discussed afid also the possible role of space-occupying anomalies of the choroid in the aetiology of hydropthalmia. was performed in July 1934 without effect upon the tension. The eye was trephined in the following November but the-high tension persisted. -On December 21 trephining was repeated. -On that morning, just prior to the operation, the tension was 615 mm. and the trephine hole of the previous operation was found to be blocked by iris tissue. The second trephining proved to be satisfactory so far as the tension was concerned, but a year later it was found to bel0 mm., and the liypotony persisted.
II.-Clinical
The patient is a girl now aged 11 years. She was first seen in the out-patient department of the Glasgow Royal Infirmary, aged 51 years, with a history of a large right eye of one year duration. It was a typical case of hydrophthalmia affecting one eye only. The tension varied between 40 and 60 mm. Hg. Cyclodialysis 336 ALEXANDER GARROW AND ARNOLD LOEWENSTEIN was performed in July 1934 without effect upon the tension. The eye was trephined in the following November but the-high tension persisted. -On December 21 trephining was repeated. -On that morning, just prior to the operation, the tension was 615 mm. and the trephine hole of the previous operation was found to be blocked by iris tissue. The second trephining proved to be satisfactory so far as the tension was concerned, but a year later it was found to bel0 mm., and the liypotony persisted.
Two years later the child was brought to the out-patient department on account of redness of the eye. This was due to blood in the upper part of the cornea. Its lower limit was a straight line and it was concluded that the blood had dissected a path for itself through the part of the cornea which had been split at the trephining operation. It never became absorbed and in the course of time the cornea assumed a brown colour and finally this appearance involved the whole cornea, rendering it opaque. A network of vessels grew over the surface of the upper part of the cornea and the eye became watery and soft and then it began to shrink and it was removed on October 30, 1940.
-III.-Pathological In the case which is the subject of this paper the sections were examined after staining with haematoxylin and eosin and with Weigert's stain, Mallory, Berlin-blue, iron-reaction and von Kossa's calcium stain. The following is a description of the histological findings associated with the many clinical features of the case, namely hydrophthalmia, three decompression operations performed seven years ago, haemorrhage into the substance of the cornea five years ago followed by corneal blood staining and, finally, complete corneal opacity with much superficial an-d deep vascularity, prolonged pericorneal injection, hypotony for 7 years, and shrinking during the last year.
-Corftea.-The epithelium is thickened and there is complete destruction of Bowman's membrane. Blood vessels are present in the usual subepithelial situation of pannus and in all the corneal layers and 'there is much connective tissue, and an increase of corne'al corpuscles. Many of the parenchymatous blood vessels contain red blood corpuscles. It is remarkable that none of the changes found in eyes which have been the seat of blood staining of the cornea were present in our case-although the haemorrhage was actually into the. substance of the cornea five years ago. No refractile granules, thought'to be precipitated albumen from the haemoglobin, and no pigmented granules (haemosiderin or haematoidin) were found. presence here and there of delicate wavy fibres (elastic) in the posterior 'corneal lamellae in close proximity to Descemet's membrane. At one periphery the membrane actually splits into two layers. These remain fairly close to each other -for some distance and then separate widely. The posterior layer turns backwards -338 ALEXANDER GARROW AN) ARNOLD LOEWENSTEIN as if drawn there by the connective tissue in the anterior chamber and has an abrupt end, while the anterior layer is further split into many brush like wavy fibres which pass directly into the fibres of, the sclera as it does normally.- (Fig 3. ) One rupture was found making a gap of 45-60 ax. The torn ends are straight and show no sign of regeneration. There is no tendency to curling of the ends. (Fig. 1.) This may be due to the tissue which entirely fills the anterior chamber which probably-prented the severed elastic lamina from springing apart to assume the curled up appearance found when the anterior chamber cotains aqueou foun whe th antrio chabercontan auos. The gap between the torn ends is filled with connective -tissue from. the anterior chamber growing into the -corneal lamellae.
At a short distaince from the summit of one fold a thii layer of Descemet's membrane measuring 2-21 MA in thickness is embedded in the connective tissue which fills the anterior chamber. On one summit a small tag of Descemet's membrane measuring 8-10 ,u in thickness is seen split off but still attached to the membrane. (Fig. 2.) On the slide it is possible to trace a direct continuation between this tag and the piece of membrane embedded in the connective tissue of the anterior chamber.' It is almost certain that this thin layer of Descemet's membrane was split off by the spatula at the cyclodialysis of seven years ago. This is well known clinically. In a large proportion of cases which have been examined by the slit-lamp after cyclodialysis a split off piece of Descem9t's membrane may be seen in the aqueous. It is remarkable that this split, off layer of the glass membrane has survived for seven years and surrounded by and embedded in the new formed connective tissue. In this respect the behaviour of the piece of glass membrane has been very different from that of other tissues wlhich have been subjected to the proteolytic (dissolving) action of the aqueous. The disappearance of lens material in the aqueous after operation or trauma is a common experience and even the tough tissue of the sclerotic disappears in the course of time when the disc of a trephine operation slips into the anterior chamber. An exception to this dissolving action of the aqueous on scleral tissue has, however, occurred in the practice of one of us. (A.G.) The trephine operation was performed in 1928. The scieral disc slipped into the anterior chamber and is still seen, apparently unchanged, lying on the iris. It has not interfered with the eye in any way and its continued presence there was confirmed on December 15, 1941 (i.e., after'12 years).
Anterior Chamber.-This is densely packed with connective tissue which so completely fills the chamber that no space is left, except in the depths of some of the concavities formed by the folding of Descemet's membrane where the connective tissue is not quite in contact with the latter. In these places the endothelium is present whereas it is absent where the connective tissue is in contact with Descemet. From this it may be assumed that the folding occurred in vivo and is not the result of fixation. Fibroblastik formation is evident in the tissue occupying the whole anterior chamber.
fris.-This is atrophied and consists mostly of connective tissue with many cells of the fibroblast type, there being infiltration of the anterior part of the iris with lymphocytes. Indeed the iris has been so changed that it is not easy to see where it ends and where the connective tissue filling the anterior chamber begin §.
Ciliary body and choroid.-The conditions found appear to have a bearing on the effect of decompression operations. There is great effusion of fluid both in front of and behind the choroid and ciliary body, so much so that the ciliary body is completely separated from the sclera and the fluid infiltration of the ciliary body has resulted in wide separation of its tissue into bundles. (Fig. 4. Fibromatous and angiomatous thicckening of choroid on both sides of the disc (retina detached) (low power).
capillaries which are-darkly stained, probably due to their blood content or to the lime deposition. Other parts of the retina do not show any such group of capillaries.
The third an-gioma is situated at the anterior end of the convoluted retina. (Fig. 6 .) It is cavernous and consists of many thin walled spaces many of which contain red blood corpuscles. Although it is completely surrounded by the detached convoluted retina it is quite clear that it originates in the choroid. The angioma narrows to a stalk-like proportion and this stalk, which is homogeneous and structureless, can be traced to the anterior end of: the choroid. At this point there is thinning and splitting of Calcified angioma (high power) blood containing vessel (a). In both photo-micros sectioning of the calcified material was difficult. Without decalcification (note the stripes).
Bruch's membrane suggesting that the angioma had pushed its way through the membrane there.
, Structure of the third angioma.-With Weigert's stain the dark purple walls of many of the vessels contrast sharply with the pinkish stain of others. The latter contain red blood corpuscles while the. former do not. In the interior of..the&angiomatous tumour there6 are. many large vessels. .cut longitudinally, thin walled, and packed with red blood corpuscles. Their thin walls are faintly stained. Most of the honvascular tissue is connective tissue with some cells; Many of these-are endothelial and are arranged in long rows, sometimes bent or curved. The angioma measures 08 mm. in one diameter -and 1 mm. in the other. The tumour proved difficult to cut owing to its lime content. The parallel streaking of the sections by the microtome knife is clearly shown in the microphotographs. (Fig. 6 .) The [n passing it may be noted that it is only the venous type of cerebral -angioma which is associated with-facial naevi and the latter are also venous in-type when associated with. congenital glaucoma. Ringland Anderson says that the type may be designated as part of the manifestation of trigeminal haemangiomatosis.
Bruch's membrane., Is completely destroyed in parts. Where present it is covered by a diffuse vascular pigmented tissue.
Lens.-The-anterior capsule' is much folded and forms a wavy uninterrupted line across 'the' section similar in appearance to Desce et's membrane. (Fig. 7.) There is a broad subcapsular layer df organized exudate with a few cells in it here and there, and behind it a much disorganized lens substance, very few of its fibres being preserved. (Fig. 7. ) There is much lime-deposit in this organized exudate (Fig, 7) and in the lental substance, most r~~~~~~~~~~~~~~~~~~~~~.
FIG. 7.
Lens with calcified subcapsular organized exudate.
of its fibres being converted into a connective tissue-like structure. The lime is in granular masses or in layers like-an onion corres; ponding to the anatomical structure of the lens. The anterior epithelium. is entirely destroyed while an irregular posterior epithelium is seen here and there. In this subscapular tissue the,re are spaces which appear to be due to cystic degeneration, and in it and in the disorganized lens are giant cells and cells with nuclei resembling those of cartilage cells.
Retina.-This is completely detached from the optic disc to the ora serrata and has assumed a convolvulus shape running straight forward from the disc through the vitreous chamber. The' layers of the detached retina have grown together so that there is no marked limitation between them and the surface has come together so much that it is only here an-d there that one can'see narrow spaces containing all-that remains of the vitreous. (Fig. 9. The\pigment epithelium layer is almost completely destroyed.
In the neighbourhood of the optic -disc it has proliferated and is in the three layers-which merge -directly with the broad layer of connective tissue which is in direct contact with and surrounds the disc, and already described in the paragraph on the choroid. (Fig. 9 .) It corresponds in its situation to the membrana limitans. interna. ft is not uniformly calcified, but -where not calcified it is much thickened. With the highest magnification one sees that this membrane has on its surface a minute lime deposit. (Fig. 10) . In several places the-membrane in one section is -cut three times-a proof that the surface has many short warve -undulations. The sections are 15 A thick.
Retinal Capillaries.-A group of retinal capillaries was studied in a longitudinal section of the anterior end of the con'voluted retina. An unstained section showed a slight roughness of the capillaries and when stained with haematoxylin eosin this rough--ness was found to be due to minute 'dark particles arranged in an irregular manner on the capillaries and in the retina immediately Calcified capillaries. alongside the capillaries. This caused indistin&tness of the out.. *line of the vessels. These-particles caused the affected capillaries to he rough in appearance. (Fig. 11.) We -conclude that they consist-Jf lime, and, if so, this is an interesting analogy with 'what is, kno'wn to happen in the analogous corticalyvessels in some of the cases of Sturge-Weber's disease.
The evidence of calcification in,'the retina in our specimens (Fig'.  1~2) resembles closely the appearance shown in Fig. 239 in Spielmeyer's monograpli on the histopathology of the nervous system. This figure is a microphotogr-aph of the capillaries in an atrophic corpus quadrigeminum in Little's Disease. In our case the Berlin blue reaction for iron was strongly positive as also was Von Kossa's lime reaction. Spielmeyer's explanation that the iron -was later reabsorbed by lime may be va'lid for-the retina too.
We' found in the retina another condition' similar to that described in brain tissue by, Spielmneyer, namely calcified gangylion -cells. (Fig. 13. (Fig. 13d) while in others there-is so much lime that the nucleus is comp~eteiy covere4b (Fig. 13b. 
IV.-Discussion
The object of our first paper wa's to give a description of the changes found in a hydrophthalmic eye. 'In this case, in addition to the -many -changes due to hydrophthalmos we found three angiomata. The -first is in the chorojtd at the posterior pole round the optic nerve. Another is in the retina near the optic nerve.and the third is in the anterior part of the eye and, although it is almost completely surrounded by folds of the detached retina, a connection can 'be traced between it and. the choroid. The 'presence of those angiomata raises-the question-does it bring -this case of hydrophthalmia into the group of anomalies to which van der Hoeve (1923 and 1932) gave -the name phakomatoses (Birthmarks).
Furthermore from what follows in this paper on the subject of angioma these questions may be asked. Is monocular hydrophthalm'ia ever uncomplicated or is it always a part of a syndrome to which, in its fully developed form, the name SturgeWeber is 'attached? The features of the fully formed SturgeWeber syndr'ome are hydrophthalmia, naevus flammeus of the frace, and angioma of the pia mater. When one remembers the similarity of the choroid to the pia mater it woould appear to be justifiable to suppose that choroidal angioma is also often a part of MONOCULAR HYDROPHTHALMIA J, 9 the syndrome, making it hydrophthalmia with cu.taneo-meningouveal angioma. Anyone of these alone, or any two or all three of these may occur either associated or not with hydrophthalmia.
The chances against the detection of an angioma of the chdroid are many. The ophthalmoscopic diagnosis is difficult and uncertain under the best circumstances. i
In hydrophthalmia in which changes interfering with the transparence have usually occurred it may be ruled out altogether.
The discovery of an angioma of the choroid will therefore depend upon the chance of getting the eye for path'ological examination and upon the methods employed in that examination. For example, Ballantyne in 1930 published a case of left monocular hydrophthalmia with facial naevus occurring in a male infant of three weeks. It was not until 1940 that he was able to fill in the picture by examining the excised eye. He. found an extensive angioma of the choroid, the microphotograph of which may be seen in his 1940 paper and an angioma of cerebral vessels was inferred. Twitching of the right eyelids and right angle of the mouth had been reported and confirmed on several occasions, but calcifications of the inferred cerebral angioma had not taken place, or had not yet gone far enough for their presence to be revealed by X-ray examination.
Another example of chance is afforded by the present case. The opportunity of examining the excised eye and the discovery of angiomata in it came seven years after our first association with the case.
In the matter of the method employed in the examination of the excised eye we would'stress the importance of examining the retina and choroid on the flat -and in bulk. In this way one is less likely to overlook an angioma than in the usual examination of 'sections.
The following case may be cited as an example of this.
It was one of tuberose sclerosis of the brain (Bourneville's Disease). The patient died and one eye was obtained through the courtesy of Dr. Ivy MacKenzie. Under the microscope the retina was examined in bulk and a small tumour measuring 1 mm. in diameter was found in the periphery. It is a typical angioma ( Fig. 15 ) with lime incrustations on the vessel walls and fatty changes' in the plasm, and in addition, the peripheral part of the retina is covered with a cloudy organized tissue with many blood vessels in it containing red blood corpuscles. The small angioma would easily have been overlooked, even histologically, if the retina had been examined in the usual way in sections.
There is little doubt that angioma of the choroid is much more common than is thought. Thus Lindemeyer (1932) Sturge-Weber's disease and von Recklinghausen's disease. are then, the two members of the phakomatosis group, which are often accompanied by hydrophthalmia. Is there a common factor as the reason for this ? It is tempting to think that one finds it in the choroid. In the former disease the choroid is the seat of. angiomatosis and in the latter disease of neurofibromatosis. Both of these are space occupying, and would thus tend to raise the tensio-n and produce hydrophthalmia in an eye which may be the seat of defects in the size Thus the blood supply of the face, meninges, and choroid is from the outer vascular system while that of the. retinais frorm.th-e inner. The hydrophthalmia members of' the group result frbm a developmental defect of the former system an-d the non-hydrophthalmic members from the latter. It is true that an angioma of the choroid may be found in a case belonging to the non-h.ydrophthalmic group. This has been recorded by A. Loewenstein and Janet F.
Steel (1941) in a case of Bourneville's disease. On the other hand there may be extensive involvement of the choroid and yet no hydrophthalmia in a case belonging to the hydrophthalmic group, as in the case of Robson, Blackwood,' and Cookson quoted above. Such cases raise an objection to the suggestion that the presence of space occupying new growths'in the choroid are-factors of major importance in the aetiology of hydrophthalmia-. But that is not the only difficulty that one encounters in trying to find some underlying principle to explain all the combinations which are found in this group of anomalies. Nevertheless we think that there is evidence that involvement of the choroid is an important factor in producing hydrophthalmia in an eye which'is the seat of even slight developmental defects in the corneo-iridic angle.
V.-Summkry A description is given of a case of monocular' hydrophthalmia with calcified angiomata of the choroid. The relation of s-uch. a case to the Sturge-Weber syndrome is discussed.' It is suggested
